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Amniocentesis has been extensively used 
for prenatal diagnosis of certain genetic dis- 
o r d e r ~ . ' - ~  In spite of its considerable value, this 
procedure carries definite, though infrequent, 
fetal and maternal risks. These complications 
include bleeding, infection, abortion, fetal 
injuries, fetomaternal sensitization, e t ~ . 5 - ~  
Moreover, therapeutic abortions following 
amniocentesis are usually induced late in the 
second trimester and are more risky than those 
induced earlier in pregnancy.8 

The aim of tlie present work is to explore 
the possibility of using trophoblast cells recov- 
ered from the maternal circulation, instead of 
amniotic cells, for prenatal diagnosis. If this 
could be done, the complications arising from 
amniocentesis could be avoided. It would also 
be possible to induce earlier and less risky 
abortions, since human trophoblast cells start 
to deport into the maternal circulation early in 
the first trimester of pregnancy.' 0-12 

The following is a short report on the 
studies performed to evaluate this approach in 
experimental models. The details of this work 
will be published separately.' 3-1 

Experiment I 

This experiment was designed to test the 
efficiency of our method for detection and 

recovery of trophoblast cells suspended in the 
maternal blood. 

Healthy human placental tissue was ob- 
tained from early abortions and cut into tiny 
pieces in petri dishes containing a few milliliters 
of TC 199 medium. The trophoblast-199 sus- 
pension was then mixed with a 20 ml sample of 
heparinized peripheral blood taken from the 
same patient. The resulting trophoblast-blood 
suspension, containing known amounts of 
trophoblast cells (Fig. lA), was then divided 
into 2 tubes which were allowed to stand in the 
refrigerator for 4 hours and 24 hours, respec- 
tively. Smears were then made from the super- 
nates, buffy coats, and red cell sediments of 
both tubes (Figs. 1B and C). The remaining 
buffy coat was kept for the tissue culture 
studies (Experiment 11). The smears were 
stained with Giemsa stain and examined for the 
number and condition of the trophoblast cells 
and leukocytes, and for the amount of RBCs in 
the background. 

Sixty-one percent of the suspended tropho- 
blast cells were recovered from the buffy coat 
after 4-hour sedimentation and 82% after 24 
hours. The recovered trophoblasts were seen as 
well-preserved single cells (Fig. 2A) and as small 
groups of cells (Fig. 2B), which were easily 
identified by their large size and tendency 
towards multinucleation. In addition, syncytial 
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masses (Fig. 2C) and even big portions of 
chorionic villi (Fig. 2D) were also seen. The 
24hour sedimentation method was preferred to 
the 4hour method since it yielded more 
trophoblast cells and leukocytes, and showed 
fewer RBCs in the background. 

Experiment I1 

This experiment was designed to compare 
the growth potentials in vitro of the tropho- 
blast cells recovered from the maternal blood 
suspension (Experiment I), with those directly 
explanted from the placenta of the same 
patient. 

Trophoblast cells, obtained from both 
sources, were cultured in T30 plastic flasks. 
Half the flasks were lined with thin layers of 
reconstituted rat-tail collagen, which was pre- 
pared following a modification of the technique 
of Ehrmann and Gey.16 Three culture media 
were used: TC 199 with 33% fetal bovine serum 
(FBS), Eagle's MEM with 15% FBS, and Gibco 
diploid growth medium with 10% FBS. The 
cultures were incubated at 37°C in a gas phase 
of 5% COz in air. They were periodically 
examined for cell morphology, growth rate and 
the sequence of events in culture. 

in all the systems used, trophoblast cells 
grew actively while leukocytes did not grow 
and gradually degenerated. Apart from a slight 
delay in the initial migration, the blood- 
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Fig. 1. Diagram showing 
the methods used for 
recovery of the tropho- 
blast cells from tropho- 
blast-blood suspension. 
A) Trophoblast-blood 
suspension before sedi- 
mentation. B) After 
4-hour sedimentation, 
notice the patchy buffy 
coat. c )  After 24-hour 

R 'red b lood c e l l  sedimentation, notice 
the complete buffy 

R S  red s e d i m e n t  coat. 

recovered trophoblast cells behaved in a similar 
manner to ihose directly explanted from the 
placenta. The cells grew better on the collagen 
substrate than on the plastic surface. The 3 
media supported the growth of trophoblast 
cells equally well. The third medium, however, 
was preferred because of its lower serum 
content. 

About 80% of the explants produced pure 
epithelial monolayers of trophoblast cells which 
grew actively for about 4 weeks (Fig. 3A). 
During this phase of active growth, many 
mitotic figures were seen (Fig. 3B). Numerous 
microvilli were also noticed projecting from the 
free borders of the cells (Fig. 3C). After 4-6 
weeks small gaps started to appear in the 
monolayers (Fig. 3D) and gradually expanded. 
This was accompanied by progressive degenera- 
tion of the trophoblast cells. 

About 20% of the explants produced a 
mixed population of trophoblast and fibro- 
spindle cells. Sometimes a few histiocytes were 
also seen. These mixed cell cultures w'ere kept 
growing for about 20 weeks before they started 
to degenerate. They were transferred several 
times with gradual disappearance of the tropho- 
blast cells and overgrowth of the fibroblasts. 

Collagen lysis was frequently observed, 
particularly in the mixed cell cultures. Cyto- 
genetic studies revealed a high incidence of 
polyploidy (20%) mainly in the 4n range. 
Satisfactory karyotypes were made from both 
types of cultures (Fig. 4). 
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Fig. 2. Morphologic patterns of the recovered trophoblast. Smear stained with Giemsa. Notice the well-preserved condition of the trophoblast cells and 
their large size as compared to the leukocytes and RBCs in the background. A) A single cytotrophoblast cell (X 320). B) A group of cytotrophoblast cells 
(X 320). C) A mass of syncytotrophoblast (X 320). D) A big portion of a primary chorionic villus (X 160). 



Fig. 3. Growth morphology of the in vitro recovered trophoblasts. A) Three-week-old culture showing an extensive monolayer of trophoblast cells (X90). 
B) Two-week-old culture showing a large number of dividing cells (X60).  C) Three-week-old culture showing microvilli projecting from the free borders of 
trophoblast cells (X60). D) Five-week-old culture, showing small gaps in the trophoblast monolayer (X60). 



Fw 4. Chromosomal preparation from a 2-weekald trophoblast culture. Giemsa stain. A) Metaphase spread 
showing 46,XY. The arrow points to the Y chromosome. B) Karyotype of the same spread. 
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Experiment In 

This experiment was designed to recover 
the trophoblast cells from the blood circulation 
of pregnant rhesus monkeys (Mucucu muluttu). 
Due to the large size of these cells, they are 
filtered in the pulmonary capillaries and do not 
reach the peripheral circulation.1 '1711 There- 
fore, for successful recovery, blood samples 
should be obtained along the venous drainage 
of the placenta, somewhere between the uterus 
and the lungs. The higher we go into the 
inferior vena cava, the more complete will be 
the sampling, since the drainage of the ovarian 
veins will be included.' 7-1 

The monkeys were given a mild sedative 15 
minutes before catheterization. Then by simple 
venipuncture, a thin radiopaque catheter was 
introduced into the femoral vein, along the 
inferior vena cava until its tip reached above the 
left renal vein (Fig. 5). There was no need for 
general anesthesia, x-ray confirmation of the 
catheter level, or for an open incision on the 
femoral vein. A 10 ml blood sample was then 
drawn using a heparinized syringe. Attempts 
were made to recover and grow the trophoblast 
cells which might be present in the sample, 
following the methods mentioned in Experi- 
ments I and 11. Control samples were taken 
from the peripheral blood of the pregnant 
monkey and the male partner. 

So far 10 pregnant monkeys have been 
catheterized: 4 in the second month of gesta- 
tion and 6 in the third and fourth months. The 
total gestation period in the rhesus monkey is 
5% months. No trophoblast cells could be 
detected in either the smears or the cultures 
examined. The negative results may be due to 
the lack of deportation of trophoblast cells into 
the maternal circulation at the time of 
sampling, thus confirming the observations of 
previous investigators who were also unabie to 
find trophoblast cells in the lungs of pregnant 
experimental animals including the mon- 
key.20*21 Therefore i t  seems that the tropho- 
blast deportation phenomenon, which is gener- 
ally observed in pregnant women, is rather 
specific to the human and does not occur in the 
monkey. This is possibly related to the struc- 

Fig. 5. An IVP of a 46day pregnant rhesus monkey 
with the catheter in the inferior vena cava. The upper 
arrow points to the tip of the catheter. The middle 
arrow points to the level of left renal vein. The lower 
arrows point to the indentation in the bladder caused 
by the pregnant uterus. 

tural differences, which are known to  exist 
between the placentas of the 2 taxa.23 How- 
ever, more monkeys will need to be catheter- 
ized early in pregnancy before reaching definite 
conclusions. 

Summary and Conclusions 

A new approach to prenatal diagnosis, using 
the trophoblast cells in maternal blood, has 
been proposed. This approach would hopefully 
avoid the risks of amniocentesis and help 
induce earlier abortions. 

Three experiments were performed for the 
evaluation of this approach. In the first experi- 
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ment human trophoblast cells were successfully 
recovered from a trophoblast-blood suspension 
by slow cold sedimentation. In the second 
experiment, the recovered human trophoblast 
cells were successfully grown in culture for 
several weeks and satisfactory karyotypes were 
prepared from them. In the third experiment 
attempts were made to  recover the trophoblast 
cells from the inferior vena caval blood of 
pregnant monkeys, but were not successful. 
The absence of trophoblast cells in catheter 
specimens is probably due to the lack of their 
shedding into the maternal circulation of the 
monkey. 

We recommend trying this new approach in 
pregnant women since it proved to be simple, 
safe and efficient in experimental models. 
Moreover, the trophoblast deportation phenom- 
enon seems to be specific to the human 
placenta. 

* * *  

This chapter is dedicated to  the memory of 
Dr. Virginia Apgar, who died during the prepa- 
ration of the manuscript. Without her inspira- 
tion and continuous support, this work would 
not have been possible. 

References 

1. Valenti, C., Schutta, E. F. and Kehaty, T.: 
. Cytogenetic diagnosis of Down’s syndrome in- 

2. 

3. 

4 .  

5.  

6.  

7. 

8. 

utero. JAMA 207:1513-1515, 1969. 
Nadler, H. L. and Gerbie, A. B.: Role of amnio- 
centesis in the intrauterine detection of genetic 
disorders. N. Engl. J. Med. 282:596-599, 1970. 
Shih, V. E. and Littlefield, J. W.: Arginino- 
succinase activity in amniotic fluid cells. Lancet 
2:45, 1970. 
Shneck, L., Valenti, C., Amsterdam, D. et al: 
Prenatal diagnosis of Tay-Sachs disease. Lancet 

Liley, A. W.: The technique and complications of 
amniocentesis. N. Z. Med. J. 59:581-586, 1960. 
Burnett, R. G. and Anderson, W. R.: The hazards 
of amniocentesis. J. Iowa Med. SOC. 58: 130-1 37, 
1968. 
Creasman, W. T., Lawrence, R. A. and Thiede, H. 
A.: Fetal complications of amniocentesis. JAMA 

Fuchs, F.: Amniocentesis and abortion. Methods 
and risks. In Bergsma, D. (ed.): Intrauterine 

1582-584, 1970. 

204~949-952, 1968. 

Diagnmis, Birth Defects: Orig. Art. Ser., vol. VII, 
no. 5. Baltimore:Williams & Wilkins Co. for The 
National Foundation-March of Dimes, 1971, 
pp. 18-19. 

9. Cook, L. N., Shott, R. J. and Andrews, B. F.: 
Fetal complications of diagnostic amniocentesis. 
A review and report of a case with pneumothorax. 
Pediatrics 53: 4 2 1 4 2 4 ,  1 974. 

10. Bardawil, W. A. and Benjamin, L. T.: The natural 
history of choriocarcinoma: Problems of immu- 
nity and spontaneous regression. Ann. N. Y. 
Acad. Sci. 80:197-261, 1959. 

1 1 .  Salvagio, A. T.: Deportation and destruction of 
the trophoblast. In Thiede, H. A. (ed.): Transcript 
of the First Rochester Trophoblast Conference, 

12. Hertig, A. T.: Implantation and early develop- 
ment. In Thiede, H. A. (ed.): Transcript of the 
First Rochester Trophoblast Conference, 196 1, 

13. Raafat, M., Apgar, V., Borgaonkar, D. S. and 
Brayton, J. B.: The use of circulating trophoblast 
cells for prenatal diagnosis: I. Testing the efficien- 
cy of our method for detection and recovery of 
human trophoblast cells from maternal blood 
suspension. (In preparation.) 

14. Raafat, M., Borgaonkar, D. S., Apgar, V. and 
Brayton, J. B.: The use of circulating trophoblast 
cells for prenatal diagnosis: 11. In vitro behavior of 
human trophoblast cells recovered from maternal 
blood suspension. (In preparation.) 

15. Raafat, M., Brayton, J. B., Apgar, V. and 
Borgaonkar, D. S.: The use of circulating tropho- 
blast cells for prenatal diagnosis: 111. An attempt 
to recover and grow trophoblast cells from the 
blood circulation of pregnant rhesus monkeys. (In 
preparation.) 

16. Ehrmann, R. L. and Gey, G. 0.: The growth of 
cells on a transparent gel of reconstituted rat-tail 
collagen. J. Natl. Cancer Inst. 16:137S-1403, 
1956. 

17. Thomas, L., Douglas, G. W. and Carr, M. C.: The 
continual migration of syncytial trophoblasts 
from the fetal placenta into the maternal circula- 
tion. Trans. Assoc. Am. Physicians 72: 140-148, 
1959. 

18. Douglas, G. W., Thomas, L., Carr, M. et al: 
Trophoblast in the circulating blood during preg- 
nancy. Am. J. Obstet. Gynecol. 78:960-973, 
1959. 

19. Ramsey, E. M.: Circulation in the uterus and the 
intervillous space in the primate placenta. In 
Thiede, H. A. (ed.): Transcript of  the Third 
Rochester Trophoblast Conference, 1965, 

20. McKay, D. G.: Comment on paper by Douglas, G. 
W. (ref. 22). In Thiede, H. A. (ed.): Transcript of 
the First Rochester Trophoblast Conference, 
1961, p. 78. 

1 9 6 1 , ~ ~ .  89-97. 

pp. 2-27. 

pp. 6-27. 



302 PRENATAL DIAGNOSIS USING TROPHOBLAST CELLS 

21. Hertz, R.: Comment on paper by DougLs, G. W. 
(ref. 22). In Thiede, H. A. (ed.): Transcript of the 
First Rochester Trophoblast Conferenn, 1961, 
p. 78. 

22. Douglas, G. W.: Deportation and destruction of 
the trophoblast. In Thiede, H. A. (ed.): Tmnscript 
of the First Rochester Trophoblast Conference, 
1961, pp. 70-80. 

23. Ramsey, E. M. and Harris, J. W. S.: Comparison 
of uteroplacental vasculature and circulation in 
the rhesus monkey and man. In Contributions to 
Embryology, Carnegie Institution of Washington 
Publication 625. Baltimore:Garamond/Pridemark 
Press, 1966, vol. 38, no. 261, pp. 59-70. 


